Background/Aims: It is often difficult to manage acute cholecystitis after metal stent (MS) placement in unresectable malignant biliary strictures. The aim of this study was to evaluate the feasibility of endoscopic ultrasonography-guided gallbladder drainage (EUS-GBD) for acute cholecystitis. Methods: The clinical outcomes of 10 patients who underwent EUS-GBD for acute cholecystitis after MS placement between January 2011 and August 2018 were retrospectively evaluated. The procedural outcomes of percutaneous transhepatic gallbladder drainage (PTGBD) with tube placement (n=11 cases) and aspiration (PTGBA) (n=27 cases) during the study period were evaluated as a reference. Results: The technical success and clinical effectiveness rates of EUS-GBD were 90% (9/10) and 89% (8/9), respectively. Severe bile leakage that required surgical treatment occurred in one case. Acute cholecystitis recurred after stent dislocation in 38% (3/8) of the cases. Both PTGBD and PTGBA were technically successful in all cases without severe adverse events and clinically effective in 91% and 63% of the cases, respectively. Conclusions: EUS-GBD after MS placement was a feasible option for treating acute cholecystitis. However, it was a rescue technique following the established percutaneous intervention in the current setting because of the immature technical methodology, including dedicated devices, which need further development. Clin Endosc 2019;52:262-268
INTRODUCTION
Endoscopic metal stent (MS) placement for malignant biliary obstruction, which has been commonly performed as the standard palliative technique, often causes occlusion of the cystic duct, resulting in acute obstructive cholecystitis at an incidence rate of 5%. 1 Although acute cholecystitis due to gall stones is generally treated with surgical cholecystectomy, 2, 3 invasive interventions should be avoided when patients have unresectable (i.e., severely progressed) malignant diseases. For palliation of cholecystitis in such patients, percutaneous drainage has long been the sole solution. Although percutaneous transhepatic gallbladder drainage (PTGBD) is a relatively easy technique and has certain efficacy, 4 it is related to a lower quality of life (QOL) owing to maintenance of the external drainage tube via the skin. In addition, cholecystitis might recur after catheter removal. Although endoscopic transpapillary gallbladder drainage is an alternative, it can be extremely difficult to perform when an MS has previously been placed in the bile duct. Since endoscopic ultrasonography (EUS)-guided drainage was first reported in 2001, 5 it has become technically established and improved. Although successful cases of EUS-guided gallbladder drainage (EUS-GBD) have recently been reported at an accelerating pace since Baron et al. first reported it in 2007, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] its efficacy and safety have not been fully established with sufficient accumulation of cases because indications for this technique have been limited to exceptional situations at present. Acute cholecystitis due to obstruction of the cystic duct by an MS in a malignant biliary stricture seems to be an exceptional situation because other interventions, including surgery and PTGBD, have crucial disadvantages. 11, 16 In addition, there have been several reports demonstrating lumen-apposing metal stents (LAMSs) as an ideal device for EUS-GBD in comparison with plastic stents (PSs) and traditional MSs. However, LAMSs are not commonly used for EUS-GBD because they are off-label in most countries. Clinical outcomes, including feasibility and long-term outcomes, of EUS-GBD without LAMSs have been extremely scarce, although practitioners must perform EUS-GBD in consideration with such. We retrospectively evaluated EUS-GBD cases and reported the results herein.
MATERIALS AND METHODS

Patients
From January 2011 to August 2018, 593 patients underwent endoscopic MS placement for unresectable malignant biliary strictures at Sendai City Medical Center. Among them, 10 patients who underwent EUS-GBD for obstructive cholecystitis after MS placement were included in this study. Technical success, clinical effectiveness, procedure-related adverse events, and recurrence of acute cholecystitis were evaluated.
During the defined study period, PTGBD was considered to be the standard intervention for such patients at our center. Percutaneous transhepatic gallbladder aspiration (PTGBA) was attempted when it was thought that obstructive cholecystitis would improve without tube placement in the cases without findings of severe cholecystitis, especially of perforation, pericholecystic/liver abscess, or emphysematous/gangrenous cholecystitis. EUS-GBD was attempted when cholecystitis had not improved with other interventions, when the patient desired to undergo the procedure after signing an informed consent form containing information on the risks and benefits of all treatment options, and when other options were considered to be extremely risky owing to several reasons, such as accompanying dementia or non-cooperation.
For reference, the outcomes of 11 PTGBD procedures and 27 PTGBA procedures that were performed as the initial intervention during the same study period were evaluated (PTGBD/PTGBA as the second intervention after other failed interventions was not included). Since most EUS-GBD procedures were performed on patients who had undergone clinically failed PTGBA, the number of EUS-GBD procedures was counted with an overlap. Owing to the overlap, comparisons between the groups were not performed with statistical analyses.
Procedures
EUS-GBD
Using an echoendoscope (GF-UCT260; Olympus Co., Tokyo, Japan), the gallbladder was visualized from the duodenum or stomach. A 19-gauge needle for EUS-guided fine needle aspiration (Expect, slim line, flex type; Boston Scientific Japan K.K., Tokyo, Japan; or EZShot3 Plus, Olympus Co.) was inserted to the gallbladder. After verification of successful insertion via bile aspiration, a contrast agent was injected to identify the gallbladder fluoroscopically. Along an inserted guidewire, the punctured tract was dilated using a 7-Fr bougie dilator (ES Dilator; Zeon Medical Co., Tokyo, Japan). A cautery dilator (Cyst-Gastro-Set, 7 Fr; Century Medical, Inc., Tokyo, Japan) or a balloon dilator (Ren, 4 mm in diameter; Kaneka Co., Yokohama, Japan) was additionally used when required. Thereafter, a double-pigtail PS (7 or 8 Fr; Gadelius Medical Co., Ltd., Tokyo, Japan) or a fully covered MS (X-Suit NIR, 10 mm in diameter, 4 or 6 cm in length; Olympus Co., WallFlex, 10 mm in diameter, 6 cm in length; Boston Scientific Japan K.K.) was deployed to bridge the gallbladder and gastrointestinal tract. The length of the MS was determined in relation to the size and shape of the gallbladder, puncture site, and distance between the gallbladder and gastrointestinal wall, which increases during the dilation procedure. LAMSs, which were not commercially available in Japan during the study period, were not used in this study.
PTGBD
PTGBD was defined as percutaneous drainage with placement of an external tube. Under ultrasonographic guidance, an 18-gauge needle was inserted to the gallbladder via the skin, an intracostal space, and the liver. After verification of successful puncture by aspirating bile and injecting a contrast agent, a guidewire was inserted to the gallbladder. After dilation of the punctured tract using a 7-Fr bougie dilator (Cook Medical Japan, Tokyo, Japan), a 6.5-Fr pigtail catheter (Gadelius Medical Co., Ltd.) was deployed.
PTGBA
PTGBA was defined as percutaneous aspiration without tube placement. The gallbladder was punctured using an 18-or 21-gauge needle in the same manner as in PTGBD. After verification of successful insertion by aspirating bile, the in-fected bile was fully aspirated. When the contents were not sufficiently removed, sterile saline was repeatedly injected, followed by aspiration. Finally, the needle was removed.
Definitions
Acute cholecystitis was diagnosed in accordance with the Tokyo Guidelines 2007 or 2013. 3 When diagnosis according to the guidelines was difficult (e.g., in cases with other infectious diseases, a lower conscious level, or a low sensation of pain), it was judged via imaging examinations and/or by using bile cultures. Clinical data were retrospectively collected from the medical records. To describe the general status of the patients, the Charlson Comorbidity Index and the Eastern Cooperative Oncology Group scale were employed. [24] [25] [26] The severity of acute cholecystitis was evaluated in accordance with the Tokyo Guidelines 2013. Technical success was defined as the successful placement of a transluminal stent for EUS-GBD, successful placement of a percutaneous catheter for PTGBD, and successful aspiration of bile during PTGBA. Clinical effectiveness was defined as disappearance of abdominal pain due to cholecystitis with improvement in inflammatory findings, such as body temperature, white blood cell count, and serum C-reactive protein concentration. Procedure-related adverse events were defined as clinically important unfavorable events that occurred within 1 week after the procedure, including bile peritonitis, bleeding, and dislocation of the placed stent or catheter. Bile peritonitis was defined as abdominal pain exacerbated after the procedure. Acute cholecystitis was defined as recurring if it reappeared at least 1 week after the relief of the initial cholecystitis.
The overall survival period after each procedure was calculated using the Kaplan-Meier method. For this analysis, only the last procedure performed on each patient was included (the survival period after the initial procedure was not evaluated for patients who underwent additional procedures owing to clinical failure or recurrence).
RESULTS
The baseline demographics are shown in Table 1 . EUS-GBD was technically successful in nine cases ( Table 2) . A PS was deployed in four patients, whereas an MS was used in six patients. Bile peritonitis occurred in four patients after EUS-GBD. Among them, two with MSs and one with a PS recovered with conservative treatment. However, one patient who had severe necrotized cholecystitis developed severe peritonitis despite having undergone an unimpeded procedure with a fully covered MS. Emergency surgery was required to remove leaked bile, clean the abdominal cavity with saline, close the hole at the gastric wall created by the EUS-GBD procedure, and perform cholecystectomy. Procedure-related death or other adverse events did not occur.
Acute cholecystitis recurred in three cases (3/8, 38%) within 1 month after the procedure (19, 22, and 22 days) . In all patients with recurrent cholecystitis, stent dislocation caused stent dysfunction, which was endoscopically treated by add- 
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ing a stent via the previously created fistula. A Kaplan-Meier curve of the cumulative stent patency is shown in Fig. 1 . The technical success rate was 100% for the PTGBA and PTGBD groups ( Table 3 ). The clinical effectiveness rate was 91% (10/11) for the PTGBD group and 63% (17/27) for the PTGBA group. Of the 10 patients without clinical response in the PTGBA group, eight underwent EUS-GBD; one underwent surgical cholecystectomy; and the remaining underwent additional PTGBA. Although no clinically important procedure-related adverse events were observed after PTGBD and PTGBA, the placed PTGBD catheter was not removed from one patient until death because it passed through the thoracic cavity owing to the risk of pneumothorax after catheter removal. The PTGBD catheter was removed from the nine remaining patients after recovery from cholecystitis, with an average time of 26 days (range, 15-56). Among the 10 patients for whom the PTGBD procedure had been clinically effective, acute cholecystitis recurred in one patient 37 days after the procedure (1/10, 10%), which was successfully treated by performing PTGBA. Recurrence after successful PTGBA was observed in three cases (3/17, 18%) 9, 13, and 27 days after the procedure.
The median overall survival period after the last intervention was 217, 178, and 188 days in the EUS-GBD, PTGBD, and PTGBA groups, respectively (Fig. 2) .
DISCUSSION
EUS-GBD is an excellent treatment option for acute cholecystitis after MS placement at a malignant biliary stricture because of its low invasiveness in comparison with surgery and better QOL in comparison with PTGBD with external tube placement. Previous studies have reported reasonable outcomes with high technical and clinical success rates. However, in most of the reports (6 out of 11 reports as shown in Table   Table 2 4), LAMSs, which have not been approved in most countries, have been used. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Although outcomes with devices that are possibly ideal should be established, outcomes with devices used by common practitioners in the actual clinical setting must be evaluated as soon as possible. In this study, the technical success and clinical effectiveness rates of EUS-GBD without LAMSs were similar to those in previous reports. However, the adverse event and recurrence rates were relatively high. Several factors seemed to have caused these unfavorable outcomes.
The first factor is the stent selection. Several systematic reviews on stent design have reported that adverse events occur with the use of an LAMS (9.9%), a traditional MS (7.5%-12.3%), and a PS (15%-18.2%) in an increasing frequency. 27, 28 Conversely, modified self-expandable metallic stents (SEMSs), such as an SEMS with anti-migratory fins and an SEMS with large uncovered flares at both edges, have been reported to be useful with adverse event rates of 0% and 4.8%, respectively. 10, 12 LAMSs or MSs modified for EUS-GBD appear safer and should be employed if available. Second, technical countermeasures may have reduced the adverse events. In most recurrence cases, the stents migrated toward the gallbladder, causing the luminal-side edge of the stent to embed. In all cases, puncture was performed via the stomach, which could drastically move the two punctured points at the gallbladder, and the gastric walls could separate. If the proximal edge located in the stomach is deployed with a sufficient length, such migration can be avoided. Takagi et al. have proposed a modified technique wherein a double-pigtail PS is added to a deployed MS with favorable outcomes, including no stent migration and no recurrence in 16 reported cases. 13 Therefore, routine placement of a double-pigtail PS
inside the MS appears favorable if LAMSs cannot be used. When the puncture point is in the stomach, a sufficiently long MS should be used, or a double-pigtail PS deployed in the MS should be fixed to the MS using a clip and/or thread to avoid migration. Finally, the unfavorable outcomes may have been affected by the patients' background. This study focused on cases involving not only unresectable malignant biliary strictures, but also acute cholecystitis after MS placement. In the study by Choi et al., a similar adverse event rate of 28.5% under similar conditions has been reported. 16 Highly advanced malignancy and active acute cholecystitis with gallbladder swelling would cause technical difficulty and increase the risk for bile leakage. The outcomes of the percutaneous intervention in this study were similar to those reported in previous studies. 3, 4, 29, 30 Although the clinical efficacy of PTGBD was found to be acceptable, serious adverse events occurred in some cases. 4, 31 In addition, PTGBD requires external drainage, which decreases the QOL in patients with non-curative, advanced malignancy. Even if the tube could be removed, the time to removal is needed, and there is a risk of recurrence. Conversely, PTGBA does not require maintenance of external tubes; however, its 
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clinical effectiveness is limited. Considering the prognoses of patients with end-stage cancer and simplicity of the PTGBA procedure, PTGBA can be performed before EUS-GBD. For gallbladder drainage after MS placement in the bile duct, a step-up strategy, in which PTGBA is attempted as the first step, possibly followed by EUS-GBD or PTGBD in failed cases, may be acceptable. PTGBA, which was deemed to be sufficiently safe, would be the most reasonable first option in debilitated patients with poor prognoses. In the case of ineffective PTGBA or recurrence after PTGBA, EUS-GBD may be appropriate because constant drainage is possible (unlike PTGBA), with no need for external tubes (unlike PTGBD).
The present study has some limitations owing to its retrospective design and small sample size. However, as EUS-GBD does not have priority over percutaneous approaches at present, it should be performed in certain exceptional settings, e.g., in cases where palliation with percutaneous interventions would have excessive risks of accidental withdrawal of the tube owing to confusion. After confirmation of the efficacy and safety in a small population, as in the present study, larger studies are warranted.
In conclusion, EUS-GBD without LAMSs for acute cholecystitis after MS placement for malignant biliary obstruction was found to be a reasonable treatment option in most patients, although adverse events occurred with relatively high frequencies. Therefore, at present, the application of this new technique, when LAMSs and other dedicated stents are unavailable, should be limited to patients who desire the procedure after signing an informed consent form containing information on the risks and benefits of all treatment options, 
